exposure of bovine oocytes to moderate HS during in vitro maturation (IVM) prior vitrification. First, oocytes were subjected to HS (41.5°C for 1 hr) at 0, 4, 8, 12 or 16 of IVM. Oocytes in vitro matured for 20 hr served as control group. Presence of HSP70 was detected at 20 hr by immunofluorescence. HSP70 expression was significantly higher when oocytes were subjected to HS at 8 hr of IVM. Next, oocytes were distributed into four groups: Control: IVM oocytes; VIT: oocytes vitrified/warmed at 20 hr of IVM; HS: oocytes subjected to HS at 8 hr of IVM; HS-VIT: oocytes subjected to HS at 8 hr of IVM and vitrified/warmed at 20 hr of IVM. Oocytes were fertilized at 24 hr of IVM, and cleavage and blastocyst yield were assessed. No significant differences were observed among treatments when cleavage rate was evaluated. However, fresh control and HS oocytes resulted in a significantly higher (p < .05) blastocyst rate when compared to VIT and HS-VIT groups, although no significant differences within fresh or vitrified groups were observed. In conclusion, HS did not have a negative impact on the oocyte competence but HS applied before vitrification, offered no benefits for embryo development.
| INTRODUCTION
Vitrification is a cryopreservation technique especially useful when dealing with in vitro produced or micromanipulated oocytes. The oocytes of many mammalian species have been successfully vitrified (Hwang & Hochi, 2014) . However, in bovine species, the low fertilization rates and developmental competence of cryopreserved oocytes still need to be improved. Although results reporting blastocyst development exceeding 10% are common, variability remains high, and a standard method for bovine oocytes remains to be established (Hwang & Hochi, 2014) .
Studies have demonstrated that well-defined and properly applied stress, such as high hydrostatic pressure or osmotic, heat or oxidative stress, could increase tolerance of gametes and embryos to several in vitro and in vivo procedures (Pribenszky et al., 2010) .
When cells are subjected to various stress factors, they increase the production of a group of proteins called heat-shock proteins (HSPs). HSPs are highly conserved chaperones expressed as a response to a raise in temperature and to other environmental factors to protect cells and they seem to be beneficial to the cells during cryopreservation, which is also a stress-inducing procedure (Pribenszky et al., 2010) .
The aim of this study was to further the knowledge of the capacity of the bovine oocyte to synthesize HSP70 in response to a moderate heat stress (HS) applied at different moments during in vitro maturation. Next, we studied whether this accumulation of HSP70 prior to vitrification/warming improved their cryotolerance and developmental competence.
| MATERIAL AND METHODS

| In vitro maturation, fertilization and embryo culture
In vitro maturation, fertilization and embryo culture procedures have been described elsewhere (Rizos, Ward, Boland, & Lonergan, 2001 ).
| Oocyte vitrification and warming
At 20 hr of IVM, partially denuded oocytes were vitrified and warmed after for 1 hr in liquid nitrogen (Kuwayama, Vajta, Kato, & Leibo, 2005) . After warming, oocytes were transferred back into the maturation dishes to allow them to mature up to 24 hr. Oocytes were then fertilized and in vitro culture. Survival rate was assessed using morphological criteria, indicated by a change in shape, breakage of zona pellucida, uneven granulation or leakage of oocyte contents. Cleavage rates were recorded at 48-hr postinsemination (pi) and blastocyst yield determined on days 7 (D7) and 8 (D8) pi.
| Immunofluorescence for HSP70 detection
| Experimental design
| Statistical analysis
All of the experiments were performed six times. Statistical significance of the fluorescence intensity was inferred from repeated measures ANOVA. Oocyte survival, embryo cleavage rates and blastocyst yield were analysed by a one-way ANOVA. The level of statistical significance was set at p < .05.
| RESULTS
Significantly higher (p < .05) levels of fluorescence were observed when HS was applied at 8 hr of IVM when compared to the control group (20 hr), while no differences in fluorescence intensity were observed among the other groups (Table 1 and Figure 1 ).
No differences were observed among treatments when cleavage rate was evaluated. However, fresh control and HS oocytes resulted in a significantly higher (p < .05) blastocyst rate when compared to VIT and HS-VIT groups. No differences within fresh or vitrified groups were observed, regardless of the HS treatment (Table 2 ).
| DISCUSSION
In the present study, a significant increase in HSP70 contents was Therefore, the procedure of HS described in this study is not over the limit of tolerance of bovine oocytes, and we suggest that it is Values with different numbers within each column differ significantly (p < .05).
able to stimulate HSP70 oocyte contents as shown in Experiment 1. However, these circumstances did not allow coping the exigent demands of vitrification and oocytes exposed to HS did not show better blastocyst yield than control vitrified/warmed oocytes. It is well known that stress-induced proteins may either inhibit or even promote cell death pathways (Arya, Mallik, & Lakhotia, 2007) .
Although HSP70 is considered to be an anti-apoptotic protein, a prodeath role has also been ascribed to Hsp70, reducing or facilitating the activation of the apoptotic cascade in a delicate equilibrium (Arya et al., 2007) . Further experiments are needed to assess the influence of increasing or reducing HSP70 cellular contents over resistance to vitrification.
| CONCLUSIONS
We can conclude that a mild heat stress applied to bovine oocytes at 8 hr of IVM does not negatively affect in vitro embryo development up to blastocyst stage. However, any beneficial effect on embryo developmental competence could be observed when applied prior to vitrification.
